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INTRODUCTION
Forests provide us with a wealth of raw materials, of which woody biomass seem most important. A drastic reduction in the total area of forests due to their excessive exploitation which took place in Europe at the turn of the 18 th and 19 th c. led to the development of land afforestation policy (Augusto et al. 2002) . The industrial value of raw materials obtained from forests is very high (Miller et al. 2006 ). The quality of the harvested wood depends on the type of a habitat and its fertility, soil pH, groundwater level, climatic conditions, soil microbial activity, tree species, age and growth as well as the degree of environmental pollution (WAng et al. 1996 , Augusto et al. 2002 , WAshburn, Arthur 2003 , hAgen-thorn et al. 2004 , sArAMAki, hytonen 2004 , rAdeMAcher 2005 , yAng et al. 2009 , Hilszczańska, sierota 2012 , hellsten et al. 2013 , ModrzeWskA, WyszkoWski 2014 .
Such elements as carbon, oxygen, hydrogen, nitrogen, phosphorus, potassium, sodium, magnesium, calcium, sulfur and some trace elements play an essential role in the formation of tree biomass (WAng et al. 1996 , rytter, stener 2003 , WAshburn, Arthur 2003 , sArAMAki, hytonen 2004 , rAdeMAcher 2005 , Hilszczańska, sierota 2012 , PArzych, sobisz 2012 , hellsten et al. 2013 . Depending on a tree species and development stage, phosphorus, calcium and magnesium are absorbed at different rates (MAlik, kArnet 2009 , PAlviAinen et al. 2010 . Nitrogen and potassium in soil, which appear in water-dissolved salts, are characterized by the highest mobility, while magnesium is less mobile. Calcium in soil is immobilized by binding to organic matter (thelin et al. 1998, hellsten et al. 2013) . The absorption of nutrients by plants is controlled by metabolic processes (PArzych, sobisz 2012). During the first 10 years of tree growth, nutrients are accumulated in the biggest amounts (PAlviAinen et al. 2010) in the following order: N > Ca > K > Mg > P (WAng et al. 1996) . The reason is most probably a higher nutrient demand in younger forest stands (hellsten et al. 2013) . It is most notable in leaves, while the content of elements is lower in other tree organs (Augusto et al. 2002 (Augusto et al. , rytter, stener 2003 (Augusto et al. , hellsten et al. 2013 ). According to Augusto et al. (2002) , conifer species absorb more elements from the air (around 35%) than deciduous tree species (25%), owing to a larger surface area of needles. Scots pine, silver birch and Norway maple, which belong to the dicotyledon plant family, are characterized by high calcium, magnesium and sodium accumulation capacity, but absorb potassium at a lower rate (grzegorczyk et al. 2013) . The environmental pollution, apart from its effect on soil properties (WyszkoWskA, WyszkoWski 2002 , WyszkoWski, sivitskAyA 2012 , has a strong impact on the absorption and content of nutrients in plants (ciećko et al. 2005 , WyszkoWski, WyszkoWskA 2009 .
The aim of this study was to determine the content of some nutrients in the needles and bark of Scots pine (Pinus sylvestris L.), the leaves and bark of silver birch (Betula pendula) and Norway maple (Acer platanoides L.), 151 depending on their location. The tree species were selected because of their widespread occurrence in Poland, resistance to environmental pollution, and leaf and bark types (PArzych, sobisz 2012).
MATERIAL AND METHODS
The study included five sites in the town of Olsztyn (north-eastern Poland), which were located close to the Municipal Heat Supply Company (MPEC), along a railroad in Dajtki housing district, along Road 51, in the center of Olsztyn between 22 Stycznia Street and Jedności Słowiańskiej Square and in Kortowo Forest (Figure 1 ). The tested trees were Scots pine (Pinus sylvestris L.), silver birch (Betula pendula) and Norway maple (Acer platanoides L.). The selected trees were the same age. Needle and leaf samples were collected from branches at the middle height of trees, during the Fig. 1 . Location of the sampling sites in Olsztyn physiological dormancy of trees, in November 2013. The material for laboratory analysis was obtained from 5 trees at each site. Five samples (50 g of weight) of needles, leaves and bark were collected from each tree. Bark was sampled from the same trees at a height of 130 cm above the soil surface, without damaging the phloem. The sampled material was washed with distilled water. Samples from one place were combined in a single, average sample.
The plant material was comminuted, dried at 60°C and ground. A batch of 1 g of each sample was wet mineralized in concentrated sulphuric acid with an addition of hydrogen peroxide as a catalyst. The phosphorus content was determined by the colorimetric method (ostroWskA et al. 1991). Potassium (K ) were determined by atomic emission spectrometry (AES) and magnesium (Mg 2+ ) was assessed by atomic absorption spectrometry -AAS (ostroWskA et al. 1991). The results were analyzed statistically with a Statistica package (Statsoft, Inc. 2011 ), using a two-factor analysis of variance (Anova).
RESULTS AND DISCUSSION
The average content of phosphorus, potassium, sodium, calcium and magnesium in pine needles, birch and maple leaves and the bark of these trees varied widely and depended on a tree species (Figure 2) . The lowest variation was found for sodium, whose average concentrations in the needles, leaves and bark of the three tree species were similar. It should be stressed that phosphorus, potassium and magnesium concentrations in needles and leaves were much higher than in tree bark. The biggest differences in the average phosphorus, potassium, calcium and magnesium content between needles/leaves and tree bark were observed in the case of silver birch. The content of these nutrients in the needles and leaves was higher than in the bark. The average potassium content was higher in Scots pine needles and the average magnesium content was higher in Norway maple leaves and in Scots pine needles than in the bark. A slightly higher calcium content was in Scots pine and Norway maple bark than in the needles and leaves of these trees. A similar tendency was also found by hellsten et al. (2013), who observed a much higher potassium and magnesium content in the leaves than in the bark of Swedish birches. The studies conducted by Arthur et al. (1999) and hellsten et al. (2013) also showed that the calcium and magnesium content was higher in a birch forest stand than in the other tree assemblages. rAdeMAcher ( Among all the tested trees, the leaves of silver birch trees growing in the city center had the highest phosphorus content: 10.00 g kg -1 DM on average (Table 1) . The highest phosphorus content in maple leaves and pine needles was recorded close to the MPEC (7.520 g kg -1 DM) and along the railroad in Dajtki (4.560 g kg -1 DM). At the other sites, the phosphorus content was higher than 1.900 g kg -1 DM. The phosphorus content in the bark of trees ranged from 0.740 g kg -1 DM in silver birch from the center of Olsztyn to 3.440 g kg -1 DM in Scots pine along the railroad in Dajtki. The potassium content in silver birch leaves and Norway maple bark in the city center was the highest (5.988 and 6.119 g kg -1 DM, respectively). The potassium content in pine needles collected from the site close to the MPEC (4.427 g kg -1 DM) and in the center of Olsztyn (4.267 g kg -1 DM) was much higher than in pine needles from the other measuring stations. A similar relationship was demonstrated by Bajorek-zydroń et al. (2007) DM) and maple leaves (0.330 g kg -1 DM) - Table 1 . The highest sodium content in silver birch leaves was found in the city center -0.264 g kg -1 DM. The leaves and bark of maple trees growing along Road 51 were characterized by the highest calcium content: 5.220 and 5.167 g kg -1 DM, respectively. The leaves of birches growing in the city center had an equally high calcium content -4.996 g kg -1 DM. In the other sites, less sodium and calcium was recorded both in tree leaves and bark. The lowest calcium content was found in Scots pine needles in the center of Olsztyn (1.993 g kg -1 DM) and silver birch bark in Kortowo Forest (0.637 g kg -1 DM). The magnesium content in the tree needles and leaves was similar at most of the sites, although it showed some dependence on a tree species. More variation in its content was found in tree bark. The cause of the higher sodium content in the needles, leaves and bark of trees growing along the road could be the use of road salt for better surface grip in the winter period, which was also confirmed by MAzur et al. Based on the test results (Table 1) , the concentrations of nutrients in tree needles, leaves and bark can be arranged in the following decreasing order: Scots pine needles -P = K > Mg = Ca > Na, silver birch leaves -P > Ca > K > Mg > Na, Norway maple leaves -Ca > K > P = Mg > Na, Scots pine bark and silver birch bark -Ca > P > K > Mg > Na, Norway maple bark -Ca > K > P > Mg > Na. hAgen-thorn et al. (2004) showed that calcium, magnesium and potassium depended on the accumulation of nutrients in soil, from which they were transported to plant organs. This could explain differences in concentrations of macronutrients in tree needles, leaves and bark discovered in our research. According to hAgen-thorn et al. (2004), nutrient content depended more on a tree species than on a location, which was confirmed in our study. hAgen-thorn et al. (2004) suggested another reason, such as different water consumption by individual tree species, which in turn is mainly dependent on the leaf area.
